Objectives: This study had three goals: (1) to document the literacy skills of deaf adolescents who received cochlear implants (CIs) as preschoolers;
INTRODUCTION
Children with prelingual deafness typically demonstrate average delays of 4 to 5 yrs in reading development by the time they enter high school. Many of these children experience what teachers refer to as the "fourth-grade problem," meaning that they fail to make progress beyond identification of a limited number of words (Scarborough 2001) . Normative data indicate that approximately half of deaf students read below the fourth-grade level at the end of high school (Traxler 2000) . Most hearing children are competent language users when they begin to map reading onto existing phonological, syntactic, and semantic skills. The frequently reported low literacy levels among deaf students are, in part, due to the discrepancy between their incomplete spoken language system and the demands of reading a speech-based system (Perfetti & Sandak 2000) . However, the advent of the cochlear implant (CI) as a treatment for prelingual profound deafness is associated with a reduction in the achievement gap relative to age-mates with normal hearing (Connor & Zwolan 2004) . A recent comprehensive review of the literature on reading skills in students with CIs concluded that children with implants frequently read better than deaf peers who use hearing aids (HAs), even if they lag behind hearing age-mates (Marschark et al. 2007 ). Some of the factors that affect reading in CI users also are important for reading development in hearing children (e.g., general intelligence, parent education, and family income). However, it is possible that other contributors to literacy are unique to children with hearing loss (Geers 2002) . Both kinds of predictors are examined in this investigation. First, we describe several factors that are necessary for deaf children to learn to read and write and how these factors are affected by cochlear implantation. Then, we describe the reading and writing skills in a group of adolescents who received CIs as preschoolers.
Factors Necessary for Successful Literacy Development
Phonological Processing Skills • The early reader or speller must acquire knowledge of letter-sound or sound-letter correspondences based on an internal phonological system. Not surprisingly, hearing children who have good phonological skills are good readers (for review see Rayner et al. 2001) . Although deaf children's phonological development is delayed compared with hearing peers, some research has found that deaf children develop phonological awareness in a similar sequence as hearing children (Sterne & Goswami 2000) . Children who wear CIs may be at a greater advantage than profoundly deaf peers without CIs in terms of developing phonological awareness. Early access to sound assists young CI users to better encode the speech signal and accurately produce the sounds of language (Blamey et al. 2001; Connor et al. 2006) . A review of the relevant literature suggests that children who use CIs develop phonological systems that are stronger than those of their deaf peers without CIs but are weaker than those of their hearing peers (Spencer & Tomblin 2008) .
As might be expected, deaf children with CIs who demonstrate strong phonics skills are good readers. A study of 181 children with CIs who were 8 to 9 yrs old reveals a high correspondence (r ϭ 0.85) between phonics skills and reading comprehension scores (Geers 2003) . Reading levels were associated with students' performance on a rhyme decision and a homophony lexical decision task, both of which assess use of a phonological strategy. A study by Johnson and Goswami (2010) also found that phonological awareness measures correlated with reading outcomes. Thus, just as is the case for hearing children, strong phonological processing skills are essential for successful reading development in deaf children and the CI seems to provide children an opportunity to acquire these crucial skills (Spencer & Oleson 2008) . It is important to note, however, that variation in phonological processing skills is quite large in children with CIs (James et al. 2005) . The successful acquisition of phonological processing skills may also depend on demographic factors, such as age at implantation, duration of CI use, and communication mode (Johnson & Goswami 2010) . It is possible that the longer the auditory deprivation or the poorer the signal from the CI, the less well specified are a child's phonological representations of speech sounds (Pisoni et al. 2008 ). Vocabulary • As phonological processing is essential for decoding letter-sound and sound-letter correspondences, vocabulary knowledge is essential for reading comprehension and expository writing. Vocabulary knowledge refers to word meanings that the child acquires through exposure and formal instruction to store in long-term memory. Children with prelingual deafness approach reading and writing with more limited vocabularies than their hearing age-mates do (Boothroyd et al. 1991) . Moreover, the greater the hearing loss, the larger the delay (Boothroyd et al. 1991) . Vocabulary development proceeds more rapidly after cochlear implantation, especially when implant surgery occurs during preschool ages (Dawson et al. 1995; Connor et al. 2000 Connor et al. , 2006 Hayes et al. 2009 ). Unlike grammar, which is fairly complete in hearing children by 4 to 5 yrs of age (Ingram 1989; Hirsh-Pasek & Golinkoff 1996) , meanings of words represent concepts that must be learned individually, contributing to the continuing refinement of vocabulary throughout development. The vocabulary advantage associated with cochlear implantation at an early age, combined with improved phonological decoding, facilitates reading and comprehension, resulting in more ageappropriate literacy skills (Connor & Zwolan 2004; Johnson & Goswami 2010) .
Language/Discourse Skills • In the United States, current technological and societal demands necessitate a 10th-or 11th-grade reading ability for functional participation in society (Marschark et al. 2007) . This relatively high level of literacy requires knowledge of cohesive devices (e.g., conjunctions and pronouns) as well as world knowledge and knowledge of texts in general (Stanovich 1980) . Syntax, discourse, and metacognitive skills are especially important for achieving advanced reading and writing competence (Geers & Moog 1989) . Such skills contribute to the child's prior knowledge about the world and the ability to draw inferences and comprehend figurative language. A reduced ability to overhear conversation and narrative discourse may interfere with a deaf child's ability to comprehend connected language structure, main ideas, and associative relationships between events (Schopmeyer 2009 ).
An effective reader and writer must understand how to use patterns of language and discourse factors that are particularly difficult for deaf students to acquire. For example, deaf students use fewer cohesive markers in their writing (DeVilliers 1991) and elaborate the content of written composition less often than hearing age-mates (Yoshinaga-Itano et al. 1996) . Difficulties with grammar are evident in the written expression of deaf students (Moores & Sweet 1990; Yoshinaga-Itano et al. 1996; Antia et al. 2005) . Interestingly, if the written material consists of less formal material, such as stories or personal narratives, and the focus is on the structure and organization of discourse, deaf students' writing more closely resembles that of hearing peers (Marschark et al. 1994) . Thus, grammatical correctness is certainly important for effective written communication, but assessment also should take into account dimensions such as content and organization when judging writing competence.
Spelling • Spelling is an often neglected component of general literacy skills. However, spelling is not to be overlooked, as recent studies suggest that poor spelling leads to poor perceptions of a person's overall writing abilities (Kreiner et al. 2002; Figueredo & Varnhagen 2005) . Contrary to traditional views, spelling involves more than memorizing letter sequences. In English, spelling draws on knowledge of many aspects of language, including the knowledge of relationships among words, root words, and words' historical origins. An accurate comprehension of the phonological structure of spoken words, together with an ability to represent this structure in writing, is a foundation of spelling skill. Studies of spelling in deaf children have shown that, not surprisingly, deaf children are poorer spellers on average than hearing children of the same age (Burden & Campbell 1994; Sutcliffe et al. 1999; Harris & Moreno 2004) . However, these studies were conducted primarily on deaf children without CIs. Deaf people using CIs have better access to spoken language phonology than previously possible through HAs or other means. Increased access to sound provided by CIs, combined with an emphasis on speech and phonological skills, may facilitate spelling in children using these devices.
Child and Family Characteristics • Characteristics such as
performance intelligence quotient (PIQ), family socioeconomic status (SES), parent education, age at onset of deafness, and gender were important factors associated with reading outcomes in 8-to 9-yr-old children with CIs (Geers 2003) . Female children with higher PIQs from higher SES families who had onset of deafness after birth (but before 36 mos of age) scored best on a measure of reading comprehension. These child and family characteristics accounted for 25% of the variance in reading scores. CI characteristics were important as well, accounting for an additional 12% of variance in reading level after controlling for child and family characteristics. Better readers used the newest CI speech processing strategies available for longer time periods than poorer readers. They also used a larger dynamic range. One might expect that communication mode used in the child's educational setting after cochlear implantation would be important for reading; however, whether a child's educational program used sign and speech (simultaneous communication [SC]) or only speech (oral communication [OC]) did not account for significant variance in reading outcome after variance due to child, family, and implant characteristics was removed. Child and family characteristics also are important factors for writing success in deaf children (Antia et al. 2005) , with SES, age, gender, and degree of hearing loss accounting for variance in written expression abilities.
Literacy Skills of Children with CIs
Given that the above factors are crucial components of successful literacy development, and that cochlear implantation facilitates development in these areas, how do deaf children GEERS AND HAYES / EAR & HEARING, VOL. 32, NO. 1, 49S-59S 50S with CIs perform on reading and writing tasks compared with hearing peers? In tests of reading, 70% of children enrolled in a private oral education setting after cochlear implantation scored within the average range on standardized reading tests in elementary school (Moog 2002) . Geers (2003) reported that 61% of CI children in North America scored within or above the average range for hearing age-mates, and the mean standardized score for all children (89) was within the low-average range. Similar findings were reported for a group of 39 CI users in the United Kingdom (Johnson & Goswami 2010) . However, not all children with CIs achieve literacy levels expected for their age. An assessment of reading comprehension levels in 91 CI users (average age of 11 yrs) revealed that they were not reading as well as their peers with normal hearing (Connor & Zwolan 2004) . A recent study of 12-to 16-yr-olds in the UK found that 48% of the students with HAs read within 1 yr of hearing age-mates, whereas only 19% of CI users achieved age-appropriate reading levels (Harris & Terlektsi 2010) . The differences in reading achievement reported across studies may be associated with the age of the participants. Lags in reading development in children with hearing loss tend to widen with age (Kroese et al. 1986; Marschark & Harris 1996) . This study compares reading levels of children with CIs in early elementary grades (age 8 to 9 yrs) with those same children in high school (age 15 to 18 yrs) to see whether they maintain their reading levels or whether the gap widens as they get older.
How do deaf children with CIs compare with hearing children on written language tasks? To our knowledge, only one study has quantitatively examined spelling skills in this specific population 1 compared with hearing peers. Deaf children with cochlear implants, ages 6 to 12 yrs, spelled as well as hearing children matched for reading, but poorer than hearing children of the same age. It is not known how well adolescents with CIs spell in comparison with hearing peers. However, a study of spelling errors in 12-to 16-yr-olds with hearing losses Ͼ85 dB reported no difference between CI users and HA users in either number of correct spellings or percentage of phonetic errors (Harris & Terleksi 2010) .
The study of expository writing in deaf children with CIs has not received much attention in the literature. Previous research documents that 17-to 18-yr-old deaf students' written language resembles that of hearing students who are 9 to 10 yrs (Paul 2001) . Does this gap in performance exist later in development or do the children with CIs catch up over time? Given the importance of literacy skills for academic and future career success (Kutner et al. 2007 ), further investigation into their development in deaf students is warranted.
Goals of the Present Investigation
This study examines literacy skills of a group of early implanted children when they were in high school (CI-HS). This population was examined first when they were in early elementary grades (CI-E) as part of a previous study on the effects of early cochlear implantation on speech, language, auditory, and reading skills (Geers 2003; Geers et al. 2003; Tobey et al. 2003) . The CI-E children's reading skills were not directly associated with auditory speech perception skills achieved with the CI but rather were associated with speech production skills and English language competence. Considerable variability was evident in the CI-E children's ability to use auditory skills to achieve language and academic parity.
Although some CI-E children achieved above-average reading scores, other children exhibited barely developed reading skills. The current study has three goals: (1) to document reading, spelling, expository writing, and phonological processing skills of CI-HS students, (2) to determine the extent to which age-appropriate readers kept pace with their hearing age-mates throughout elementary and high school grades to determine whether the below-average CI-E readers caught up over time, and (3) to assess the predictive contributions of phonological processing and child/family characteristics to literacy skills.
PARTICIPANTS AND METHODS

Participants
Participants included 112 students who were administered a battery of speech, auditory, cognitive, language, and literacy assessments at CI-E and CI-HS test sessions. This report focuses on literacy skills at the CI-HS test session. Information about results from the speech, auditory, cognitive, and language assessments are described in this issue (Davidson et al. 2011, pp. 19S-26S; Geers et al. 2011, pp Characteristics of CI-HS students are also described in detail in this issue (Geers et al. 2011, pp. 2S-12S) . The CI-HS students were 15.0 (15 yrs 0 mos) to 18.5 yrs old, with a mean age of 16.7 at the time of assessment. Grade placement ranged from 9th to 12th grades, with the majority of the participants enrolled in 10th and 11th grades. All participants were implanted by the age of 5.4 yrs with a mean age at implantation of 3.5 yrs. The adolescents reported using either spoken language (N ϭ 83) or sign and speech (N ϭ 29) as their primary methods of communication.
Data were also collected from a control group of hearing teenagers (NHC-HS) (N ϭ 46), who ranged in age from 15.3 to 18.4 yrs. Additional details about these participants can be found in this issue (Geers et al. 2011, pp. 2S-12S) . All participants and their families signed consent and assent forms approved by the Institutional Review Board of the University of Texas at Dallas.
Measures
Literacy skills assessed in the CI-HS students included reading vocabulary and comprehension, syntactic and text comprehension, spelling accuracy, expository writing, and phonological processing. Tests were administered in both individual and group sessions. The CI-HS participants were assessed on all the measures described below. The NHC-HS participants were assessed only on written expression tasks and one phonological processing task, the Children's Test of Nonword Repetition (CNRep) (Gathercole & Baddeley 1996) . For the reading and other phonological processing tasks, hearing norms provided by the assessment developers were used for comparisons. Reading Recognition • Items consist of single words that the student reads aloud. Testing continues until a ceiling is obtained at the lowest seven consecutive responses containing five errors. Either a signed or spoken production recognizable as the target word is scored as a correct response.
Reading
Reading Comprehension • The student is presented with a page containing one sentence to be read silently. The page is removed and the student is presented with four illustrations, one of which best represents the sentence provided. No speech is required for this task, as the student's response is to select one of the four pictures. The starting point is determined by the student's raw score on the reading recognition subtest and continues to a ceiling of seven consecutive responses containing five errors.
Test of Reading Comprehension (Brown et al. 1995)
• The test of reading comprehension (TORC) assesses silent reading comprehension. Each student responds to all items. Number correct scores were converted to standard scores for each subtest in relation to a NS of hearing age-mates (mean ϭ 10, SD ϭ 3). The following subtests were administered in small groups of five to six students.
General Vocabulary • The student reads three stimulus words that are related in some way (yellow, red, and blue) and selects two words from a group of four (black, grass, green, and yes) that are related to the stimulus words. Both answers must be correct to receive credit for the item.
Syntactic Similarities • The student reads five sentences and selects the two that are most nearly alike in meaning (It was her wagon. It was not her wagon. It was his wagon. The wagon was not hers. It was not his wagon.)
Paragraph Reading • The student reads a paragraph and five questions. A multiple-choice format is used for all five questions. The student selects the "best" title, recalls story details, draws an inference, and draws a negative inference (Which sentence could not go in the story?)
Sentence Sequencing • Each item includes five randomly ordered sentences that, when ordered properly, create a meaningful paragraph. The student orders the sentences. Scoring is based on relational order rather than specific sequence. (Soon it will be noon. Next it will be night. It is morning. Then, it will be morning again. Then, it will be this afternoon.)
Written Expression
Picture Spelling Test • Traditional spelling tasks, in which the experimenter says a word and the student writes the word, are problematic for deaf children because it is difficult to know whether the word was accurately perceived. Thus, a picture spelling task was designed. One hundred words were selected from vocabulary familiar to adolescents, picturable, and with varied orthographic length and complexity. Each item was presented as a photograph, a line drawing, or a cartoon image.
Participants were asked to name each item (presented one at a time) and spell the name on a worksheet. The participants were encouraged to guess at any item that they did not know; if needed, the experimenter named the item. See the Appendix for a list of the spelling items. Students were tested in small groups and given unlimited time to compose their essay. They were encouraged to review their work and make changes after completion. Students wrote the essays by hand in pencil and later they were typed by someone else with punctuation, spelling and grammar maintained. Both the original written version and the typed version were sent to experienced raters who were faculty members in the English department at the National Technical Institute for the Deaf (NTID) for scoring. The scoring procedure was developed for assessing the writing ability of postsecondary deaf students (Schley & Albertini 2005) . Each essay was evaluated by three raters. Scores were found to be reliable between multiple raters (Albertini et al. 1996) . Each rater assigned between 1 and 100 points, equally divided among the following four scoring categories. Scores were averaged for the three raters and a total score was obtained by summing across the four subscales. Reliability was assessed for triads of raters who evaluated 236 essays from students at the NTID (Schley & Albertini 2005) . Pearson correlations among pairs of raters were all above 0.81. Intraclass correlation coefficients among groups of three raters (Shrout & Fleiss 1997 ) ranged from 0.70 to 0.90. In addition, difference scores were calculated among pairs of raters, and the absolute values of these difference scores were examined. GEERS AND HAYES / EAR & HEARING, VOL. 32, NO. 1, 49S-59S 52S Mean difference scores ranged from 5.33 to 9.48 points on the score range of 1 to 100 (SDs ϭ 4.2 to 7.58). Raters did not differ by more than 10 points for the vast majority of essays evaluated.
Phonological Processing
A group of measures was included in the battery that required phonological knowledge, awareness, and/or decoding. Skills sampled include letter-sound correspondence, phonetic spelling and manipulation of sounds in words, and phonological memory and production. These tasks were chosen to represent a range of abilities associated with the child's phonological representations of language.
Woodcock Reading Mastery Test-Revised (Woodcock 1987)
Word Attack • This 45-item subtest of the Woodcock Reading Mastery Test (WRMT) battery assesses the student's ability to pronounce nonsense words (e.g., raff, chad, yeng, cigbet, bafmotben) using phonic and structural analysis skills. Students are tested beginning at item 1 and proceed to a ceiling level of six consecutive incorrect responses. Correct articulation of each phoneme is required for a correct response.
Phonological Plausibility Score • A scoring procedure was developed to assess misspellings on the Picture Spelling Test. Unlike the spelling accuracy (percent correct) score, included as part of the written expression battery, the plausibility score quantified whether the children were making errors based on the sounds in the target words. The scoring technique is similar to recent studies of deaf and hearing children's spelling errors 1 (Ellefson et al. 2009 ). For each of the 100 spelling words, a list was generated reflecting all the letters used to spell each phoneme. The reference for whether a letter is a plausible one given a certain phoneme was an "aligned" corpus: a subset of a word frequency database (Zeno et al. 1995) aligned with pronunciations from the Carnegie Mellon Pronouncing Dictionary (Carnegie Mellon University 1998). The children's misspellings were scored for whether they used plausible letters for the particular phonemes in the word, moving from left to right. Students received a 1 if all of the letters in the misspelling were phonologically plausible choices but received a 0 if any of the letters were implausible choices for a particular phoneme. The mean proportion of plausible misspellings was calculated for each participant.
Comprehensive Test of Phonological Processing (Wagner et al. 1999)
Elision Subtest • This individually administered subtest taps the student's phonological awareness and access to the phonological structure of oral language. The examiner presents a word orally and asks the student to say the word with a syllable or phoneme deleted (e.g., "Say airplane. Now say airplane without saying plane." "Say farm. Now say farm without saying /f/.") Raw scores are converted to scaled score equivalents based on age-appropriate norms for hearing children.
Children's Nonword Repetition (Gathercole & Baddeley 1996)
• To accurately repeat a nonsense word, the student must immediately construct a phonological representation, based on a single exposure to the novel auditory stimulus, and then "translate" or "reassemble" that newly formed representation into an articulatory output in speech production. We used a shortened, adapted version of the CNRep list (Dillon et al. 2004 ). The stimuli were recorded by a female speaker of American English. The CNRep nonwords were presented auditorily via a desktop speaker (Cyber Acoustics MMS-1) at ϳ70 dB SPL. Each student heard the nonword stimuli played aloud one at a time, in random order. The students were told that they would hear a funny word and were instructed to repeat it back as well as they could. Their imitation responses were recorded via a head-mounted microphone (Audio-Technica ATM75) onto digital audio tape using a TEAC DA-P20 tape deck. The digital audio tapes were later digitized and segmented into individual sound files. The children's nonword productions were transcribed by graduate students/clinicians in speech-language pathology using the International Phonetic Alphabet (International Phonetic Association 1999). The transcribed productions were entered into the Computer Assisted Speech and Language Assessment software for analysis (Serry et al. 1997; Serry & Blamey 1999) . Each production was transcribed by two different people and then a third listened to the words that the other two did not agree on for a final decision. Using Computer Assisted Speech and Language Assessment software, reports were generated to obtain a percentage of phonemes correct.
Child and Family Characteristics
Predictor variables summarizing child characteristics included gender, age at first HA fitting (roughly corresponding to age at which educational intervention was initiated), duration of deafness (age at implant Ϫ age at onset of deafness), age at the CI-HS test session, Wechsler Intelligence Scale for Children (Wechsler 1991) Performance IQ (WISC-PIQ), and a CI-HS measure of sign enhancement. Sign enhancement was estimated by the difference in standard scores on Form A of the Peabody Picture Vocabulary Test (PPVT) (Dunn & Dunn 1981 ) administered in SC and Form B of the PPVT administered using OC. Values greater than 0 indicate higher receptive vocabulary standard scores in the SC than in the OC test condition. Family characteristics included family size and SES at the CI-HS test session. The SES value was a combination of the number of years of education completed by the most highly educated parent and a ranking of total family income.
CI Characteristics
Aided sound-field detection thresholds were obtained at the CI-HS evaluation using frequency-modulated tones at octave frequencies from 250 to 4000 Hz. The CI-HS participants were seated approximately 1 to 1.5 m from the loudspeaker at 0°a zimuth using their CI as typically worn. Speech processor technology from Cochlear Corporation (Cochlear Americas, Centennial, CO) was rank ordered from one to four with one representing the oldest technology (i.e., Spectra) and four the most recent (i.e., Freedom). A complete description of methods are contained in Davidson et al. (2011, this issue, pp. 19S-26S) . Table 1 summarizes the means and SDs of reading, written expression, and phonological processing scores obtained from the CI-HS students and a normal-hearing reference group. Scores of the reference group were derived either from the normative sample of typically developing high school students GEERS AND HAYES / EAR & HEARING, VOL. 32, NO. 1, 49S-59S 53S
RESULTS
(NS-TDS) published in the test manual or from the 46 hearing control high school students (NHC-HS) tested as part of this study. The percentage of CI-HS students scoring within normal limits (i.e., at or above 1SD of the mean for the specified reference group) is also provided. The following results section is presented according to the three goals of the study outlined in the Introduction section.
Literacy and Related Skills of CI-HS Students
Reading • Scores of CI-HS students on the Peabody Individual Achievement Test-Revised (PIAT-R) were compared with the NS-TDS. The average standard score for the CI-HS students was 83, which falls just below the cutoff representing the lower end of the average range for hearing age-mates. Almost half of the CI-HS students (47%) scored within or above 1SD of the mean for hearing high school students in comparable grades. Somewhat lower scores were obtained on the recognition subtest than on the comprehension subtest. Performance on the recognition subtest requires more facility with phonological processing and speech production than the comprehension subtest, which places greater demands on vocabulary and language skills (although see Keenan et al. 2008 , which argues that the comprehension subtest of the PIAT mainly assesses decoding skills, particularly in young readers). Scores of CI-HS students on the TORC were compared with the NS-TDS. The average total score on the TORC was higher (SS ϭ 90) than for the PIAT-R and within 1SD of hearing age-mates (mean ϭ 100, SD ϭ 15). Over half of the sample (66%) scored within the expected range (Ն85) based on hearing norms. The relatively high scores were due primarily to strong performance on the Sentence Sequencing and Vocabulary subtests. Paragraph Comprehension was particularly difficult for this group.
Written Expression
Spelling • Percent correct scores on the Picture Spelling Test were compared with the NHC-HS sample. On average, the CI-HS participants were significantly poorer spellers than the hearing control group, spelling 67% of items correctly compared with 80% (Mann-Whitney U ϭ 3480, z ϭ 3.46, p ϭ 0.001). However, more than half of the CI-HS students (55%) spelled within 1SD of the NHC-HS group. The remaining 45% of CI-HS spellers scored Ն2SDs below their hearing peers. This is in sharp contrast to the NHC-HS group, in which only 15% scored in that low range. Spelling accuracy did not differ significantly between the CI-HS students who used speech Expository Writing • Ratings on the NTID essay were compared with the NHC-HS sample. Fewer than half of the CI-HS students scored within 1SD of the hearing control group in each of the four rating categories. Mean ratings were highest for Language Use (14.8) and lowest for Organization (12.1) of 25 possible points. When compared with the NHC-HS group, 44% of the CI-HS students scored within 1SD of the mean on Content ratings, their highest-performing area.
Phonological Processing
Word Attack • Scores of CI-HS students on The WRMT-word attack subtest were compared with the NS-TDS. This measure of reading decoding skill was difficult for the CI-HS students, whose average quotient score (70) was 2SD below the mean for the NS-TDS. Only 30% of the CI-HS sample scored within the average range. The WRMT-word attack also was administered to these adolescents at the CI-E test session where performance was substantially higher than their CI-HS scores in relation to hearing norms (mean ϭ 88.7, SD ϭ 15.5). At CI-E, 53% of the students scored within the average range. Thus, the development of decoding skills failed to keep pace with hearing peers between elementary and high school grades.
Spelling Errors • Another measure of phonological process-
ing-the percent of phonologically plausible spelling errorswas compared with the NHC-HS sample. More than half of the spelling errors made by the CI-HS students were phonologically plausible (62%). However, the NHC-HS students made proportionally more plausible errors than the CI-HS group (89%), and this difference was significant (Mann-Whitney U ϭ 4230, z ϭ 6.473, p Ͻ 0.001). The NHC-HS students' primary strategy when encountering difficult words was to use a phonological approach to spelling, compared with the CI-HS students who did not use phonological knowledge in spelling to as great a degree. Interestingly, the CI-HS students who were primarily oral communicators made proportionately more plausible errors than those students who used sign and speech (66% versus 51%), and this difference was significant (Mann-Whitney U ϭ 786, z ϭ Ϫ2.71, p ϭ 0.007). Elision • Elision scores of the CI-HS students were compared with the NS-TDS on the Comprehensive Test of Phonological Processing. The mean scaled score on the Elision task (6.9) was just below 1SD of the mean for the NS-TDS. Almost half of CI-HS students (46%) scored within the expected range (7 to 13), indicating facility with manipulating the sounds of language.
Nonword Repetition • Percent phonemes correct scores of the CI-HS students were compared with those obtained from the NHC-HS sample. The CI-HS students had the most difficulty with this task and none accurately imitated phonemes within 1SD of the NHC-HS group. Average percent of correct phonemes for the CI-HS group was only about half (42%) of that observed for NHC-HS group (96%).
Development of Reading Skills in CI Students
Because the PIAT-R also was administered at the CI-E test session (Geers 2003) , we examined change in reading skills over time. The average standard score at CI-E was 89, within the low-average range for hearing peers; 61% of the CI-E students scored within or above the average range. We ex-pected that the mean standard score might decrease over time because deaf students experience a gap in reading achievement that increases as they get older (Kroese et al. 1986 ). The average standard score of the CI-HS students was indeed slightly lower at 83. As a group, CI students did not quite keep pace with normal development of reading skills. However, most of the sample maintained their standing relative to hearing norms over time: 40% of the students (N ϭ 45) scored within 1SD of the normative average at both sessions while 32% (N ϭ 36) scored Ͼ1SD below hearing age mates at both test sessions. The remaining 28% of students' standing relative to the hearing norms changed over time. The majority of these (N ϭ 23) scored within the average range in elementary grades but fell below average in high school. The remaining eight students showed delayed reading in elementary grades but caught up by high school.
Reading improvement between elementary grades and high school is perhaps better reflected in grade equivalent scores, which are plotted by age at test in Figure 1 . At CI-E, most students scored between second and fourth grades. CI-HS scores ranged from second grade to post-high school. In Figure  1 , these outcomes are grouped according to three categories of performers identified among children with hearing impairment (Nevins & Chute 2009 ).
Challenged Performers • These students are characterized by slow and laborious academic progress. This category is exemplified in this study by the 17% of CI-HS students who scored below the fourth-grade reading level, indicating barely developed reading comprehension.
Capable Performers • Although these students do not catch up to their typically developing peers linguistically or academically, capable performers demonstrate academic progress. This category is exemplified by 46% of the CI-HS students who scored between fourth-and eighth-grade levels, reflecting moderate and consistent reading growth but with some delay. Fig. 1 . Grade equivalent scores on the Peabody Individual Achievement Test are plotted by age for 112 students at the CI-E (triangles) and CI-HS (diamonds) test sessions. Performance at each test session is indicated for three sample students from each of three achievement groups. Commensurate performers (solid line) exhibited reading progress within the range of typically developing peers. Capable performers (dot-and-dash line) demonstrated reading progress but did not catch up with typically developing peers. Challenged performers (dashed line) scored below the fourth grade reading level, at both test sessions, indicating barely developed reading comprehension.
Commensurate Performers • These students perform within the range of typically developing peers. In our sample, 36% of the CI-HS group scored at ninth grade or higher and seemed to have successfully overcome the reading deficits expected from profound deafness.
Forming Composite Variables Using Principal Components Analysis
Test scores that are highly related to one another may be combined, using principal components analysis (PCA) to form composite factor scores that are more robust and representative of the underlying construct than any single component measure (Strube 2003) . Correlation matrices summarizing relations among literacy and among phonological processing measures are presented in Table 2 to demonstrate how these measures could be combined to form composite factors. Both sets of measures were significantly correlated, and PCA determined that the reading/ written expression measures could be combined into a Literacy factor score and the phonological processing measures into a Phonological Processing factor score. The principal component loadings for literacy and phonological processing measures are listed in Table 3 . For the literacy measures, an eigenvalue of 3.195 indicated that 80% of the original score variance was accounted for by the combined factor score. For the phonological processing measures, an eigenvalue of 2.596 was obtained, indicating that a linear combination of individual measures into a single score accounted for 65% of the original score variance.
Factors Contributing to Literacy Skills in CI Students
Multiple linear regression analysis was used to predict the amount of variance in the literacy factor score accounted for by the phonological processing factor score after removing variance associated with child, family, and implant characteristics. Results are shown in Table 4 . The analysis was conducted in 
TABLE 4. Hierarchical multiple regression predicting CI-HS literacy
Predictor
Step 1 Step 2 Step 3 Step 4 GEERS AND HAYES / EAR & HEARING, VOL. 32, NO. 1, 49S-59S 56S four steps so that groups of variables were considered and then controlled in subsequent stages in the analysis. First, the child characteristics of gender, duration of deafness, and age at first HA fitting were entered in the regression and accounted for 8.6% of the variance in literacy outcome. Duration of deafness was the only significant predictor from this group of variables, and the influence was negative. This means that a shorter duration between the onset of profound deafness (birth in most cases) and CI surgery was associated with a higher level of literacy. This result suggests that there are long-term literacy benefits of early cochlear implantation.
Next, a number of child, family, and implant characteristics were entered in step 2 of the analysis: age at test, PIQ, sign enhancement (OC-SC difference score on the PPVT), family size, family SES, aided CI threshold, and device technology rating. Together, these variables accounted for 19.8% of additional variance in high school literacy outcomes of CI participants. Significant predictors in this group of variables included gender (girls did better than boys), PIQ, and the sign enhancement metric that describes how much benefit a student receives by the addition of sign language to spoken language during the PPVT receptive vocabulary assessments. Students with higher PIQ scores and those whose receptive vocabulary was not enhanced by addition of sign language obtained the highest literacy levels in high school.
The third step in the analysis examined the degree of importance of phonological processing skills to literacy outcomes in CI-HS students. Phonological processing accounted for 38.3% of added variance in literacy level. Thus, phonological processing skills were not only highly related to one another (i.e., the ability to imitate nonwords from an auditory model, to pronounce nonwords presented in print, to manipulate the phonological structure of oral language by deleting sounds and syllables, and to create phonologically plausible misspellings of words) but also played a major role in successful reading and written expression. Furthermore, the contribution of phonological processing skills to literacy was independent of the influence of performance intelligence.
In a final step, we examined the amount of residual variance in literacy that was accounted for by reading scores obtained at the CI-E test session. This step accounted for an additional 10% of variance in high school literacy level. This result indicates that those with the highest literacy levels at CI-HS were those with the best reading skills at CI-E. The predictor variables examined accounted for 76.7% of the variance in CI-HS literacy. The continued significance of PIQ in step 4 indicates that those with higher PIQs made even greater reading gains than would be anticipated from their CI-E reading levels alone.
DISCUSSION
The goals of this study were threefold: document the literacy skills of early implanted deaf adolescents, determine whether students who demonstrated age-appropriate reading skills in elementary school were able to keep up with their hearing peers in high school, and determine the degree to which phonological processing skills and demographic characteristics play a role in literacy achievement among deaf high school students with CIs. To our knowledge, no other study in the literature has addressed reading and writing skills in this particular population using such a broad array of measures. Using a wide battery of literacy and phonological processing measures, we documented the achievements of CI-HS students who had received CIs as preschoolers and used their implants for many years. Many CI-HS students had strong literacy skills commensurate with hearing peers. Between 47% and 66% of the CI-HS students scored within or above the average range for hearing age-mates on two tests of reading (the PIAT-R and TORC, respectively). Thirty-six percent of the students read at ninth grade level or above on the PIAT-R, compared with only 17% reading below the fourth grade barrier that characterized deaf students' performance before the advent of the CI. Written expression, however, posed greater difficulty for CI-HS students. CI-HS students were poorer spellers on average than hearing peers. They were also rated as having poorer expository writing skills on average than hearing peers. Despite increased access to spoken language via the CI, CI-HS students struggled with phonological processing tasks compared with hearing peers. On measures of word attack, plausibility of spelling errors, elision, and nonword repetition, the CI-HS students performed below the levels achieved by their hearing peers. Learning to read is a task typically mastered in the early years of elementary school; children then must "read to learn" in mid-to later elementary grades. It is this transition that seems to pose great difficulty to children who are deaf. However, their relatively better performance on literacy measures than on phonological processing tasks suggests that other strategies (e.g., visual processing) may provide an alternate route to successful reading acquisition. In other words, phonological processing is only one contributor to literacy competence.
Because this population of children had been assessed for reading abilities at ages 8 to 9 yrs (Geers 2003) , we were able to document reading development in children with CIs from elementary through high school. We found that many CI-HS students who were good readers at ages 8 to 9 yrs were good readers in high school. In fact, 36% of the CI-HS students scored at ninth grade levels or higher. The majority of the CI-HS students showed reading growth over time, even if some CI-HS students were delayed compared with hearing peers.
The third goal of the study was to investigate how well certain factors predicted literacy success. We were primarily interested in the contributions of phonological processing measures and child/family characteristics to overall skills in reading, spelling, and written expression. Using stepwise regression, important contributors to literacy success included duration of deafness (shorter was better, indicating early implantation), PIQ, sign enhancement (students with strong OC skills did better), and phonological processing skills. After controlling for these variables, early reading skills at CI-E accounted for an additional 10% of remaining variance in literacy skills in high school.
It is not entirely surprising that phonological processing skills accounted for 38% of variance in literacy abilities for students with CIs or that early reading success was important for later reading success. What is striking are the numbers of students (72% of sample) who retained their reading standing compared with hearing peers over a relatively long academic period of time. That is, 72% of the sample made ageappropriate growth over time. For these students, the gap that often exists between deaf and hearing peers in reading did not GEERS AND HAYES / EAR & HEARING, VOL. 32, NO. 1, 49S-59S 57S widen with time. The current CI-HS sample may not represent the entire population of children receiving CIs in the United States and Canada in the early 1990s, and the 112 CI-HS students recruited from the original sample of 181 CI-E students may be advantaged in some respects (Geers et al. 2011, this isse, pp. 2S-12S) . Academic success relies heavily on reading and writing skills; skills reported as seriously deficient in deaf students. With early cochlear implantation, deaf children have the opportunity to strengthen phonological awareness skills influencing reading and spelling development. This study documented a broad array of reading, writing, and phonological processing skills in a relatively large group of adolescents with CIs. Although these students received their implants at relatively young ages (preschool), current practices in combination with universal newborn hearing screening dictate that many children receive implants at 12 mos (and younger) or receive a second CI either concurrently or shortly after the first one. Thus, future studies must document the effects of cochlear implantation on academic skills, particularly in populations of children who receive their implants at 12 mos or younger, and those children who use bilateral CIs from very young ages. Cucumber, embarrassed, thumb, leopard, cafeteria, iron, scissors, refrigerator, ambulance, squirrel, mirror, camouflage, biscuit, giraffe, potato, diamond, astronaut, beard, chimney, cigarette, mosquito, chocolate, dinosaur, license, magician, oven, whale, cookie, hockey, cauliflower, thermometer, eighth, broccoli, ballerina, shoulder, bracelet, sandwich, convertible, soup, alligator, piano, caterpillar, statue, restaurant, camera, mountain, mustache, faucet, building, trampoline, spaghetti, vanilla, pyramid, soccer, razor, castle, purple, scuba, orchestra, lizard, tornado, neighbor, ceiling, tractor, umbrella, garage, island, twelfth, watermelon, tongue, licorice, calendar, curtain, turtle, mustard, breakfast, vacuum, calculator, antenna, lightning, muscle, submarine, forty, balloon, scarf, motorcycle, kangaroo, sword, referee, orange, satellite, telescope, guitar, stadium, ghost, secretary, asparagus, reindeer, witch, fountain. 
APPENDIX
Stimuli for Picture Spelling Task
